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Poly(phenylene oxide) resin composition, prepreg, laminated sheet, printed 
wiring board, and multilayer printed wiring board 

Field of the Invention 

The present invention relates to a poly(phenylene oxide) resin composition 
useful for an insulating material for printed wiring boards and the like and having heat 
resistance, prepreg using the poly(phenylene oxide) resin composition, a laminated 
sheet using the prepreg, and further a printed wiring board and a multilayer printed 
wiring board using the laminated sheet 
Background of the Invention 

Along with high integration of semiconductor devices to be incorporated in, 
precise fineness of packages, high-density wiring of a printed wiring board, and 
improvement of the joining and mounting technology, the recent electronic appliances 
is advanced remarkably and especially development of the electronic appliances such as 
the mobile communication utilizing high frequency is outstanding. 

A printed wiring board composing such kinds of electronic appliances tends to 
be multilayered and simultaneously to have ultra fine wiring, and therefore, it is 
efficient to lower the dielectric constant of a material to meet the speed up of the signal 
transmission speed required for the high speed of the information processing and also it 
is effective to use a material with a low dielectric dissipation factor (dielectric loss) in 
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order to lower the loss of transmission. 

Relying on the excellency in the high frequency properties of such as the 
dielectric constant, the dielectric loss and the like, poly(phenylene oxide) resin [also 
referred as to polyphenylene ether (PPE)] is suitable for the printed wiring boards of 
such electronic appliances using the high frequency bands, however, generally it cannot 
be said that the poly(phenylene oxide) resin has been sufficient in the heat resistance 
and dimensional stability. 

The applicant of the present invention discloses a poly(phenylene oxide) resin 
composition provided with improved heat resistance and dimensional stability, a 
production method of prepreg using the poly(phenylene oxide) resin composition, and a 
production method of a laminated sheet using the prepreg in Japanese Unexamined 
Patent Publication No. 7-90172 and also discloses a poly(phenylene oxide) resin 
composition having a high glass transition temperature, water resistance, moisture 
resistance, and moisture-absorbing heat resistance in addition to the improvement of the 
heat resistance and dimensional stability, a production method of prepreg using the 
poly(phenylene oxide) resin composition, and a production method of a laminated sheet 
using the prepreg in Japanese Unexamined Patent Publication No. 8-231847. 

However, poly(phenylene oxide) itself has a high melting point, the prepreg 
produced using the poly(phenylene oxide) resin composition has a high melt viscosity 
and subsequently, for example, when prepreg are layered on a printed wiring board in 
which conductive patterns are formed as a circuit on the surface and molded by hot 
pressing in order to produce a multilayer printed wiring board, the viscosity is high and 
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the fluidity is low at the time of melting at a normal molding temperature to make it 
difficult to sufficiently fill the spaces between neighboring conductive patterns with the 
resin and easy to leave voids and blurs, and thus there are problems in molding 
properties. 

The invention has been achieved by taking the above described points into 
consideration and the object is to provide a poly(phenylene oxide) resin composition 
excellent in the fluidity in the melted state at the time of molding and in molding 
properties and also to provide prepreg using the poly(phenylene oxide) resin 
composition, a laminated sheet, a printed wiring board, and a multilayer printed wiring 
board. 

Summary of the Invention 

A poly(phenylene oxide) resin composition according to claim 1 of the 
invention is a poly(phenylene oxide) resin composition containing poly(phenylene 
oxide) and triallyl isocyanurate, wherein the number average molecular weight of the 
poly(phenylene oxide) is in a range from 2,000 to 12,000. 

By using a poly(phenylene oxide) resin composition with the above-described 
constitution, an IPN structure can be produced from a cured material of the 
poly(phenylene oxide) and triallyl isocyanurate to obtain a high heat resistance and also 
by using a poly(phenylene oxide) with a relatively low molecular weight, the fluidity of 
the melt resin at the time of molding can be made desirable to increase the molding 
properties. 
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The embodiments of the invention will be described hereinafter. 

The poly(phenylene oxide) (hereinafter referred to as PPO) to be employed in 
the invention is also called as polyphenylene ether (PPE) and a resin whose chemical 
structural formula can be defined as the following general formula (1) 



(wherein the reference character n denotes the number of repeating time and an integer 
of 200 to 400; and the reference character R denotes H or a hydrocarbon group of 1 to 3 
carbons and may be same or different to one another) 

One example of PPO having the above described general formula (1) is 
poly(2,6-dimethyl-l,4-phenylene oxide) having the following general formula (2). 



(wherein the reference character r denotes the number of repeating time and an integer 
of 200 to 400) 

Those synthesized by, for example, a method disclosed in US Patent No. 
4059568 can be used as such PPO without any particular restrictions, yet those having a 
weight average molecular weight (Mw) of 46,000 to 53,000 and the ratio to the number 
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average molecular weight (Mn), that is, molecular weight distribution (Mw/Mn), of 4.0 
to 4.5 are preferable to be used. However, since the melting point and the melt 
viscosity of PPO are high as it is, the melt viscosity of a resin composition containing 
PPO is high and in the case of using the resin composition as a material for prepreg for 
producing a multilayer printed wiring board, there occurs a problem in the molding 
properties. For that, the invention tries to decrease the melt viscosity and improve the 
molding properties of the resin composition by decreasing the molecular weight of PPO. 

As a technique to decrease the molecular weight of PPO, a method described in 
"The Journal of Organic Chemistry, 34, 297-303 (1969)" involving a reaction of PPO 
with a phenolic compound can be employed. The phenolic compound to be used for 
the reaction is not particularly restricted if it has a structure of an aromatic ring in which 
an HO group is bonded to a carbon atom and it includes, for example, phenol, cresol, 
xylenol, hydroquinone, pyrogallol, bisphenol A, 2,6-dimethylphenol, 
4,4 , -dihydroxydiphenyl ether and the like and in order to improve the heat resistance 
after curing, it is more preferable to use a multifunctional phenolic compound having 
two or more phenolic hydroxy groups in a molecule. Further, as an initiator of the 
reaction, it is preferable to use the following oxidizing agent, benzoyl peroxide, 
3,3',5,5'-tetramethyl-l,4-diphenoquinone, chloranil, 2,4,6-tri-tert-butylphenoxyl, 
tert-butylperoxyisopropyl monocarbonate, azobisisobutyronitrile and the like and based 
on the necessity, the reaction can be accelerated by a carboxylic acid metal salt. Further, 
it is more preferable to use an initiator which is capable of generating a highly volatile 
component just like a lower molecular weight alcohol as a component after reaction 
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since it can suppress the increase of the dielectric constant. The PPO reacted with a 
phenolic compound in such a manner to decrease the molecular weight is required to 
have the number average molecular weight in a range from 2,000 to 12,000, preferably 
from 3,000 to 12,000. If the number average molecular weight is higher than 12,000, 
the melt viscosity is too high to improve the molding properties and if the number 
average molecular weight is lower than 2,000, the molecular weight is so low that it is 
difficult to obtain a high heat resistance, Further in the case the number average 
molecular weight is lower than 3,000, the glass transition temperature tends to be 
slightly lowered. 

Further, in the invention, in order to improve the heat resistance and the 
dimensional stability, the PPO resin composition of the invention is produced by mixing 
triallyl isocyanurate (hereinafter referred to as TAIC) with PPO made to have a lowered 
molecular weight. Further, as the TAIC, either its monomer (hereinafter referred to as 
m-TAIQ or prepolymer (hereinafter referred to as p-TAIC) may be used or both may be 
used in combination. 

The PPO resin composition of the invention may contain a compatibilizer 
based on the necessity. In that case, it is preferable to produce the PPO resin 
composition of the invention by adding, as the compatibilizer, at least one of the 
polymer selected from styrene-butadiene block copolymer, styrene-isoprene block 
copolymer, 1,2-polybutadiene, 1,4-polybutadiene, maleic acid-modified polybutadiene, 
acrylic acid-modified polybutadiene, epoxy-modified polybutadiene. 

Further, the PPO resin composition of the invention may contain a flame 
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retardant based on the necessity. In the case a solvent is added to the PPO resin 
composition containing the PPO made to have a low molecular weight and TAIC to use 
the resulting composition as varnish, it is preferable to use, as the flame retardant, a 
nonreactive organic brominated compound with the PPO and TAIC. Because if a 
laminated sheet is produced by curing the composition in the state the thermoplastic 
PPO and the thermosetting TAIC are mixed, both form Interpenetrating Polymer Net 
Work (IPN) and provide a structure extremely excellent for the laminated sheet with a 
high heat resistance. In that case, if an reactive organic brominated compound on PPO 
or TAIC, which means having an unsaturated bond, is used, the compound penetrates 
the IPN of PPO-TAIC to inhibit IPN formation and as a result, un-polymerized residue 
of TAIC remains much and it is probable to result in decrease of the water resistance, 
moisture resistance, moisture-absorbing heat resistance, and glass transition temperature 
(hereinafter referred to as Tg) of the laminated sheet produced using the obtained PPO 
resin composition. 

Further, the flame retardant is preferable to be used while being dispersed but 
not dissolved in a solvent. As the flame retardant is an nonreactive organic brominated 
compound on PPO and TAIC and dispersed but not dissolved in a solvent, the flame 
retardant can exist as a filler in the resin and does not inhibit IPN formation of 
PPO-TAIC to result in excellent IPN formation owing to almost complete curing of 
TAIC and in improvement of the water resistance, moisture resistance, 
moisture-absorbing heat resistance, and Tg. 

Further, the foregoing organic brominated compound is preferable to have a 
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true specific gravity of 2.0 to 3.5. That is, if the true specific gravity of the organic 
brominated compound is lower than 2.0, the dispersibility in varnish is inferior, whereas 
if the true specific gravity of the organic brominated compound is higher than 3.5, the 
compound is easy to be precipitated in varnish of the PPO resin composition of the 
invention and no even varnish can be obtained unless being stirred constantly and thus 
the workability becomes inferior. 

As the organic brominated compound as described above, aromatic organic 
brominated compounds are preferable and examples are decabromodiphenylethane 
having the following chemical structural formula (3), 4,4-dibromobiphenyl having the 
following chemical structural formula (4) and the like. 




Br Br Br Br 




In the PPO resin composition of the invention, the PPO made to have a low 
molecular weight is preferable to be added in a ratio of 30 to 60 parts by weigfit in the 
entire resin composition. If the ratio of PPO made to have a low molecular weight is 
less than 30 parts by weight, the laminated sheet produced from the PPO resin 
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composition is easy to become brittle and if the PPO made to have a low molecular 
weight is more than 60 parts by weight, sufficient IPN cannot be formed and the water 
resistance, moisture resistance, moisture-absorbing heat resistance, and Tg cannot be 
improved sufficiently. 

In the PPO resin composition of the invention, the TAIC is preferable to be 
added in a ratio of 35 to 62 parts by weight in the entire resin composition. If the ratio 
of the TAIC is less than 35 parts by weight, sufficient IPN cannot be formed and the 
water resistance, moisture resistance, moisture-absorbing heat resistance, and Tg cannot 
be improved sufficiently. On the other hand, if the TAIC is more than 62 parts by 
weight, the laminated sheet produced from the PPO resin composition is easy to become 
brittle. 

Further, in the case an organic brominated compound is used as a flame 
retardant, it is preferable to set the content of the organic brominated compound as to 
keep the bromine content 8 to 20 % by weight in the entire amount of the PPO resin 
composition of the invention. Incidentally, the term, the entire amount of the resin 
composition, means the entire amount of the resin composition in the state the resin 
composition contains no solvent. If the bromine content is less than 8 % by weight in 
the entire PPO resin composition, the laminated sheet produced from the PPO resin 
composition is inferior in the flame retarding property and cannot maintain the flame 
retarding property at 94V-0 level defined as UL standard. On the contrary, if it is more 
than 20 % by weight, bromine (Br) is easy to be isolated at the time of molding by 
heating and pressurizing to produce the laminated sheet to deposit on the surface of the 
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laminated sheet and the heat resistance of the laminated sheet probably tends to 
decrease. 

Further, in the PPO resin composition of the invention, the content of the 
compatibilizer is preferable to be 10 % by weight or lower in the entire amount of the 
poly(phenylene oxide) resin composition. If the content of the compatibilizer is more 
than that, the heat resistance is possible to decrease and it is therefore not preferable. 

Furthermore, the PPO resin composition of the invention may contain an 
inorganic filler based on the necessity. The inorganic filler to be added is not 
specifically restricted if it has the average particle diameter of 30 \xm or smaller. By 
adding such an inorganic filler to the PPO resin composition of the invention, the water 
absorption ratio can be lowered, the strength can be increased at the time of high 
temperature heating, for example, in the case of soldering treatment or the like, and the 
ratio of dimensional change following the heating can be decreased. Moreover, such 
fine inorganic filler is capable of improving the transparency of the molded product and 
therefore, if those with an average particle diameter of 5 n-m or smaller are used, a 
further excellent effect can be expected. On the contrary, if the average particle 
diameter is larger than 30 nm, the transparency of the molded product decreases, the 
electric insulation property is deteriorated, or further the soldering heat resistance 
decreases after moisture absorption owing to the unevenness of the stress decreasing 
effect. Incidentally, the lower limit of the average particle diameter is 0.05 \xm and if 
smaller than 0.05 [Am, the PPO resin composition of the invention probably becomes 
thicker. 
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As practical examples of the inorganic filler, silica is preferable and it can 
contribute to the flame retarding property as well in addition to the effect as described 
above. 

The addition amount of the inorganic filler is preferable to be not less than 3 
parts by weight and less than 50 parts by weight to 100 parts by weight of resin solid 
matter. By setting in such a range, the water absorption ratio can be lowered, the 
strength can be increased at the time of high temperature heating, for example, in the 
case of soldering treatment or the like, and the ratio of dimensional alteration following 
the heating can be decreased. Incidentally, addition of 5 parts by weight or more is 
more preferable. On the other hand, if the addition amount is less than 3 parts by 
weight, it is probable that dimensional stability following the heating increases and if 
more than 50 parts by weight, it is probable that the filler becomes difficult to be 
dispersed evenly or the adhesive force is deteriorated. 

Prepreg can be produced using the PPO resin composition of the invention as 
described above and in order to obtain prepreg by impregnating a substrate with the 
PPO resin composition of the invention, a PPO resin varnish is prepared by adding PPO 
made to have a lower molecular weight, TAIC, a compatibilizer to be added based on 
the necessity, an organic brominated compound as a flame retardant to be added based 
on the necessity, and an organic solvent. The organic solvent is not particularly 
restricted if it is capable of dissolving the resin components and does not cause bad 
effects on the reaction and those which are incapable of dissolving the organic 
brominated compound are preferable. As such an organic brominated compound, the 
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following compounds may be used solely or as a mixture of two or more of them: 
ketones such as methyl ethyl ketone, ethers such as dibutylether, esters such as ethyl 
acetate, amides such as dimethylformamide, aromatic hydrocarbons such as benzene, 
toluene, and xylene, and chlorohydrocarbons such as trichloroethylene. The 
concentration of the resin solid matter of the varnish may properly be adjusted 
corresponding to the work of impregnation of a substrate with the varnish and, for 
example, it is properly 50 to 90 % by weight. 

The varnish prepared as described above is used to impregnate a substrate with 
and the organic solvent is evaporated by heating and drying to obtain prepreg. As the 
substrate, a fabric or non-woven fabric made of organic fibers or glass fibers can be 
used. Since the prepreg comprises the above described PPO resin composition, the 
cured material is excellent in the electric properties of such as dielectric constant, the 
heat resistance, the dimensional stability, the water resistance, the moisture resistance, 
and the moisture-absorbing heat resistance and has a high glass transition temperature. 
The impregnation amount of the substrate with the varnish is preferable to be 35 % by 
weight or higher on the bases of the weight ratio to the resin solid matter in the prepreg. 
Since the dielectric constant of the substrate is generally higher than that of the resin, in 
order to lower the dielectric constant of the laminated sheet to be obtained using the 
prepreg, it is preferable to keep the content of the resin solid matter in the prepreg be 
higher % by weight than that described above. For example, in the case of the prepreg 
using an E glass fabric as the substrate, the dielectric constant can be suppressed to be 
3.7 or lower with the content of resin solid matter of 37 % by weight or higher and in 
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the case of the prepreg using an NE glass fabric as the substrate, the dielectric constant 
can be suppressed to be 3.4 or lower with the content of resin solid matter of 45 % by 
weight or higher. 

In the invention, the laminated sheet can be produced using the prepreg 
obtained as described above. That is, a sheet or a plurality of sheets of the foregoing 
prepreg are layered and a metal foil such as a copper foil is laminated on both or one 
face in the upper and lower sides and the resulting body is united in multilayers by hot 
pressing molding to obtain the laminated sheet bearing the copper foil in both faces or 
in one face. Since the laminated sheet obtained in such a manner is produced using the 
foregoing prepreg, the laminated sheet is excellent in the electric properties of such as 
dielectric constant, the heat resistance, the dimensional stability, the water resistance, 
the moisture resistance, and the moisture-absorbing heat resistance and has a high glass 
transition temperature. 

A printed wiring board having conductive patterns as a circuit on the surface of 
the laminated sheet can be obtained by forming the circuit by etching process of the 
metal foil on the surface of the laminated sheet produced as described above. Since 
the printed wiring board obtained in such a manner is produced using the 
above-described laminated sheet, the printed wiring board is excellent in the electric 
properties of such as dielectric constant, the heat resistance, the dimensional stability, 
the water resistance, the moisture resistance, and the moisture-absorbing heat resistance. 

Further, using the printed wiring board as a printed wiring board for an inner 
layer and after the surface treatment is carried out in the metal foil of the conductive 
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patterns, a plurality of printed wiring boards are layered through the prepreg obtained in 
the invention and then a metal foil is laminated on the outermost layer of the resulting 
body through the prepreg obtained in the invention and the obtained body is united in 
multilayers by heating and pressurizing molding to obtain a multilayer printed wiring 
board. In the case of the molding of such a multilayer printed wiring board, since PPO 
of the PPO resin composition of the invention has a molecular weight as low as 2,000 to 
12,000, melt viscosity is low, and fluidity is excellent, molding can be carried out 
without formation of voids and occurrence of blurs and the spaces between neighboring 
conductive patterns are sufficiently filled with a resin and a multilayer printed wiring 
board having a highly reliable circuit and excellent in electric properties can be 
obtained. 

Incidentally, the molding conditions of the above-described respective prepreg, 
laminated sheet, printed wiring board, and multilayer printed wiring board are different 
depending on the mixing ratio of the respective raw materials of the PPO resin 
composition and not particularly restricted, and generally, it is preferable to carry out 
heating and pressurizing for a proper duration in the conditions that the temperature is 
170°C or higher and 230°C or lower and the pressure is 0.98 MPa or higher and 5.9 
MPa or lower (10 kg/cm 2 or higher and 60 kg/cm 2 or lower). 
Examples 

The invention will be described more particularly with the reference to 
examples. 
(Example 1) 
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PPO (trade name: Noryl PX9701, produced by GE Plastics Japan Ltd., the 
number average molecular weight 14,000) in 30 parts by weight, bisphenol A as a 
phenolic compound in 0.30 parts by weight, tert-butylperoxyisopropyl monocarbonate 
(trade name: Perbutyl I, produced by Nippon Oil & Fats Corporation) in 0.27 parts by 
weight, and cobalt naphthenate in 0.008 parts by weight were mixed together and 
further toluene as a solvent in 90 parts by weight was added and mixed at 80°C for 1 
hour to carry out dispersion and dissolution to bring reaction, and adjust the molecular 
weight of PPO. Transparent PPO, whose molecular weight was lowered, in the PPO 
solution obtained after the treatment was found having a number average molecular 
weight of 7,800 by gel permeation chromatography (GPC). 

To the PPO solution with a number average molecular weight of 7,800 
obtained in such a manner, m-TAIC (Nippon Kasei Chemical Co., Ltd.) in 30 parts by 
weight, p-TAIC (trade name: P-TAIC-1000C, Dai-Ichi Kogyo Seiyaku Co., Ltd.) in 20 
parts by weight (since it contains a solvent, the content of TAIC was 16 parts by weight), 
a styrene-butadiene block copolymer (trade name: Tufprene A, produced by Asahi 
Kasei Corporation) as a compatibilizer in 5 parts by weight, decabromodiphenylethane, 
which is an organic brominated compound, (trade name: Planelon BDE, produced by 
Mitsui Toatsu Fine Chemicals, Inc., Br 82.3 % by weight) as a flame retardant in 15 
parts by weight, and a , a '-bisOert-butylperoxy-m-isopropyObenzene (trade name: 
PB-P, produced by Nippon Oil & Fats Corporation) as an initiation in 3 parts by weight 
were added and the resulting mixture was mixed with toluene, a solvent, to carry out 
dispersion and dissolution and obtain a varnish of the PPO resin composition. 
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In the varnish of the PPO resin composition made to have a lowered molecular 
weight and obtained in such a manner, since the flame retardant was the organic 
brominated compound which was non-reactive on PPO and TAIC, the flame retardant 
was not dissolved but dispersed in the solvent in the varnish. 
(Examples 2 to 16) 

The molecular weight adjustment of PPO, the types and the amounts of the 
phenolic compound and the initiator were set as shown in Table 1 to Table 6 and the 
PPO solutions with the adjusted molecular weight were mixed with TAIC, 
compatibilizers, flame retardants, the initiator (the same initiator as that of example 1) 
while the types and the amounts of these additives being adjusted as shown in Table 1 
to Table 6 and the resulting mixtures were mixed with toluene, a solvent, to carry out 
dispersion and dissolution and obtain varnish of PPO resin compositions with lowered 
molecular weights. Incidentally, in Table 2, ADBN stands for azobisisobutyronitrile 
and in Table 3, "Saytex 8010" is a decabromo-aromatic compound produced by 
Albemarle Corporation. Also, in Table 5, "SR-245" is an addition type flame retardant 
(trade name: SR-245, produced by Nissan Chemical Industries, Ltd., Br 67.4 % by 
weight), which is a dissolution type flame retardant dissolved in a solvent (toluene) 
having a chemical formula (5) and pentabromodiphenyl ether is an addition type flame 
retardant (produced by Mitsui Toatsu Fine Chemicals, Inc., Br 70 % by weight) with a 
specific gravity of 2.2. 
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(5) 



(Example 17) 

Varnish of a PPO resin composition was obtained in the same manner as the 
example 1 except that 15 amount of Silica (FB6D: Denki Kagaku Kogyo Co. Ltd., 
average diameter 6.9[xm) was added. 
(Comparative example 1) 

Varnish of a PPO resin composition was obtained in the same manner as the 
example 1 except that the molecular weight of PPO was not adjusted and PPO was used 
as it was. 

Next, E glass cloths (trade name: 116E, produced by Nitto Boseki Co., Ltd.) 
were separately impregnated with the varnish of the PPO resin composition obtained in 
each of the examples 1 to 17 and the comparative example 1 in the above described 
manner and then heated and dried at 120°C for 5 minutes to remove the solvent and 
obtain prepreg with the resin content of 50 % by weight. 

Each of the obtained prepreg was subjected to evaluation of resin fluidity. 
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The test of the resin fluidity was carried out in accordance with JIS C 6521. The 
results are shown in Table 1 to Table 6. 

A 35 (im-thick copper foil (a ST foil) was laminated on both fSces of one sheet 
of the prepreg obtained in such a manner and the resulting prepreg was heated and 
pressurized in molding conditions of a temperature of 180°C and a pressure of 2.9 MPa 
(30 kg/cm 2 ) for 180 minutes to obtain a double-sided copper clad laminate for a 
multilayer printed wiring board. 

Next, using the double-sided copper clad laminate, conductive patterns as 
circuits for inner layers were produced by carrying out printed wiring process for the 
copper foil in both faces to obtain a printed wiring board for an inner layer. After that, 
the surface of the conductive patterns of the copper foil in both faces of the printed 
wiring board for the inner layer was blackened and 2 sheets of such printed wiring 
boards for inner layers were layered while one sheet of prepreg being laminated on both 
feces of each printed wiring board and further a 18 (xm-thick copper foil (an ST foil) 
was laminated on both upper and lower side faces and the resulting laminated body was 
heated and pressurized in molding conditions of a temperature of 180°C and a pressure 
of 2.9 MPa (30 kg/cm 2 ) for 180 minutes to obtain a 6-layer copper clad laminate for a 
multilayer printed wiring board. 

The 6-layer copper clad laminate for a multilayer printed wiring board obtained 
in such a maimer was cut into 50 mm x 50 mm and the copper foil in the outer layer was 
removed by etching and its molding property, moisture absorption rate, and soldering 
heat resistance after moisture absorption were evaluated In this case, the molding 



18 



WO 02/072700 



PCT/JP02/02272 



property was judged by eye observation of the existence of voids and blurs using a 
lattice pattern as an inner pattern with a conductor thickness of 35 jim, the remaining 
copper ratio of 50 %, and pitches of 2.54 mm. The measurement of the moisture 
absorption rate was carried out based on JIS C 6481. The measurement of 
.moisture-absorbing heat resistance was carried by eye observation of the occurrence of 
blisters in the case five specimens of each copper-laminated laminated sheet were 
subjected to a boiling D-2/100 test for boiling at 100°C for 2 hours and a pressure 
cooker test (PCT) at 135°C and 2 atmospheric pressure for 2 hours and then immersed 
in a solder bath at 260°C for 20 seconds. These results are shown in Table 1 to Table 
6. 

Also, each 6-layer copper-laminated laminated sheet for the multilayer printed 
wiring board was cut into 100 mm x 10 mm and in accordance with JIS C 6481, the 
adhesion strength between the copper foil and the resin in the side where the inner layer 
treatment was carried out was measured to evaluate the adhesion strength of the copper 
foil in the inner layer. The results are shown in Table 1 to Table 6. 

Further, 5 sheets of prepreg were layered and a 18 jim-thick copper foil (an ST 
foil) were laminated on the both upper and lower faces and the resulting layered body 
was heated and pressurized in molding conditions of a temperature of 180°C and a 
pressure of 4.9 MPa (50 kg/cm 2 ) for 180 minutes to obtain a copper-double-sided 
laminated sheet for a multilayer printed wiring board. 

The copper foil on the surface of the obtained copper-double-sided laminated 
sheet was removed by etching and then the laminated sheet was cut into 50 mm x 50 



19 



WO 02/072700 



PCT/JP02/02272 



mm and its glass transition temperature (Tg), dielectric constant, dissipation factor, 
flame retardancy, and adhesion strength to the copper foil were evaluated. In this case, 
the glass transition temperature was measured by a viscoelasticity spectrometer and the 
flame retarding property was evaluated by UL method. The dielectric constant, the 
dissipation factor, and the adhesion strength to the copper foil were measured in 
accordance with JIS C 6481. These results are shown in Table 1 to Table 6. 
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Table 1 (parts by weight, % by weight) 





example 1 


example 2 


example 3 




PPO addition amount 


30 


30 


30 




phenol type 


bisphenol A 


bisphenol A 


bisphenol A 




phenolic compound 
addition amount 


0.3 


0.3 


0.3 




initiator 


Feroutyl I 


reroutyi i 


benzoyl peroxide 




initiator addition amount 


0.27 


0.2 


0.2 




molecular weight of PPO 


7800 


11000 


2800 




TAIC addition amount 


46 


46 


46 


PPO resin 
varnish 


compatibilizer 


styrene-b utadiene 
copolymer 


styrene-butadiene 
copolymer 


sty rene-b utad iene 
copolymer 


compatibilizer 
addition amount 


5 


5 


5 




flame retardant 


diphenylethane 


diphenylethane 


diphenylethane 




flame retardant 
true specific gravity 


3.2 


3.2 


3.2 




flame retardant addition 
amount 


15 


15 


15 




Dromine conicni \yo ) 


13 


13 


13 




dispersion state 
of flame retardant 


good 


good 


good 


prepreg 


resin fluidity (%) 


20.4 


15.8 


27.2 




Tg(°C) 


201 


208 


191 




dielectric constant (1 MHz) 


3.53 


33 


3.61 


laminated 
sheet 


dissipation factor (1 MHz) 


0.0027 


0.0026 


0.0032 


flame retardancy 


V-0 


v^o 


V-0 




adhesion strength 

to copper foil (kgf/cm 2 ) 


1.35 


1.41 


1.2 




secondary molding property 


good 


good 


good 


multilayer 


moisture absorption rate 


0.28 


0.25 


0.27 


printed 
wiring 


soldering heat resistance 
after moisture absorption 


no abnormality 


no abnormality 


no abnormality 


board 


adhesion strength 

to copper foil 

in inner layer (Kgtycm 2 ) 


0.83 


0.71 


0.88 
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Table 2 (parts by weight, % by weight) 





examnle 4 


examnle 5 


example 6 




PPO addition amount 


30 


30 


30 




phenol type 


bisphenol A 


2,6-dimethylphenol 


bisphenol A 




phenolic compound 
addition amount 


0.3 


0.3 


0.3 




initiator 


A IT1XT 

ALBN 


Perbutyl I 


reroutyi i 




initiator addition amount 


0.27 


0.27 


0.35 




molecular weight of PPO 


9100 


7800 


4000 




TAIC addition amount 


46 


46 


46 


PPO resin 
varnish 


compatibilizer 


styrene-butadiene 
copolymer 


styrene-butadiene 
copolymer 


- 


compatibilizer 
addition amount 


5 


5 






flame retardant 


diphenylethane 


diphenylethane 


decabromo- 
diphenylethane 




flame retardant 
true specific gravity 


3.2 


3.2 


3.2 




flame retardant 
addition amount 


15 


15 


15 




oromine content y/o ) 


13 


13 


13 




dispersion state 
of flame retardant 


good 


good 


good 


prepreg 


resin fluidity (%) 


14.5 


20.4 


23.1 




Tg(°C) 


198 


201 


211 




dielectric constant (1 MHz) 


3.59 


3.55 


3.6 


laminated 
sheet 


dissipation factor (1 MHz) 


0.003 


0.0027 


0.0031 


flame retardancy 


V-0 


V-0 


V-0 




adhesion strength 

to copper foil (ktf/cm 2 ) 


1.33 


1.29 


1.44 




secondary molding property 


good 


good 


good 


multilayer 


moisture absorption rate 


0.25 


0.31 


0.33 


printed 
wiring 


soldering heat resistance 
after moisture absorption 


no abnormality 


no abnormality 


no abnormality 


board 


adhesion strength 

to copper foil 

in inner layer (Kgr7cm 2 ) 


0.8 


0.81 


0.76 
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Table 3 (parts by weight, % by weight) 





example 7 


example 8 


example 9 


PPO resin 
varnish 


PPO addition amount 


30 


30 


45 


phenol type 


bisphenol A 


bisphenol A 


bisphenol A 


phenolic compound 
addition amount 


03 


0.3 


0.45 


initiator 


Perbutyl I 


reroutyi l 


rerouxyi i 


initiator addition amount 


0.27 


0.27 


0.53 


molecular weight of PPO 


7800 


7800 


4000 


TAIC addition amount 


46 


46 


31 


compatibilizer 


styrene-butadiene 
copolymer 


styrene-butadiene 
copolymer 


- 


compatibilizer 
addition amount 


5 


5 




flame retardant 


- 


Saytex8010 


decflhTomn- 
diphenylethane 


flame retardant 
true specific gravity 




3.2 


3.2 


flame retardant 
addition amount 




15 


15 


bromine content (%>) 




13 


13 


dispersion state 
of flame retardant 




good 


good 


prepreg 


resin fluidity (%) 


20.4 


19.2 


13.9 


laminated 
sheet 




207 


205 


197 


dielectric constant (1 MHz) 


3.48 


3.55 


3.46 


dissipation factor (1 MHz) 


0.0025 


0.0027 


0.0025 


flame retardancy 


HB 


V-0 


V-0 


adhesion strength 

to copper foil (kgtfcm 2 ) 


1,4 


131 


1.2 


multilayer 
printed 
wiring board 


secondary molding property 


good 


good 


good 


moisture absorptivity 


0.3 


0.23 


0.22 


soldering heat resistance 
after moisture absorption 


no abnormality 


no abnormality 


no abnormality 


adhesion strength 

to copper foil 

in inner layer (Kgtfcm 2 ) 


0.92 


0.78 


0.8 
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Table 4 (parts by weight, % by weight) 





example 10 


example 11 


example 12 


PPO resin 
varnish 


PPO addition amount 


25 


30 


30 


phenol type 


bisphenol A 


bisphenol A 


bisphenol A 


phenolic compound 
addition amount 


0.25 


0.3 


0.3 


initiator 


Peroutyl I 


reroutyl I 


reroutyi i 


initiator addition amount 


0.23 


0.27 


0.55 


molecular weight of PPO 


4000 


7800 


2400 


TAIC addition amount 


51 


46 


46 


compatibilizer 


- 


styrene-butadiene 
copolymer 


styrene-butadiene 
copolymer 


compatibilizer 
addition amount 




5 


5 


flame retardant 


deeabromo- 
diphenylethane 


decabromfv 

UwWO Ul 111 J IKJ 

diphenylethane 


decabromo- 
diphenylethane 


flame retardant 
true specific gravity 


32 


3.2 


3.2 


flame retardant 
addition amount 


15 


10 


15 


bromine content (%) 


13 


9 


13 


dispersion state 
of flame retardant 


good 


good 


good 


prepreg 


resin fluidity (%) 


26.4 


20.4 


33.2 


laminated 
sheet 




213 


202 


140 


dielectric constant (1 MHz) 


3.62 


3.5 


3.67 


dissipation factor (1 MHz) 


0.0029 


0.0026 


0.0032 


flame retardancy 


V-0 


V-0 


V-0 


adhesion strength 

to copper foil (kgf7cm 2 ) 


1.18 


1.35 


1.25 


multilayer 
printed 


secondary molding property 


good 


good 


good 


moisture absorptivity 


0.34 


0.31 


0.22 


soldering heat resistance 
after moisture absorption 


no abnormality 


no abnormality 


no abnormality 


wiring board 


adhesion strength 

to copper foil 

in inner layer (Kgr7cm 2 ) 


0.75 


0.87 


0.61 
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Table 5 (parts by weight, % by weight) 





example 13 


example 14 


example 15 




PPO addition amount 


30 


30 


52 




nhennl tvne 


bisphenol A 


bisphenol A 


bisphenol A 




phenolic compound 
addition amount 


U.J 




0 S2 




initiator 


Perbutyl I 


Perbutyl I 


Perbutyl I 




initiator addition amount 


0.27 


0.27 


0.53 




molecular weight of PPO 


7800 


7800 


7800 




ouuiLion amouni 


46 


46 


24 


PPO resin 


compatibilizer 


styrene-butadiene 
copolymer 


styrene-butadiene 
copolymer 


styrene-butadiene 
copolymer 


varnish 


compatibilizer 
addition amount 


5 


5 


5 




flame retardant 


CD OA<. 


pentabromo- 
diphenyl ether 


decabromo- 
diphenylethane 




flame retardant 
true specific gravity 


2.3 


2.2 


3.2 




flame retardant 


20 


19 


15 




addition amount 




hmmine contpnt (tfn\ 


16 


16 


13 




dispersion state 
ot name retardant 


UlabOlVCU 


pdllldliy UlbMJlVCU 


ar\csf\ 
6 UUU 


prepreg 


resin fluidity (%) 


23.3 


21.4 


13.9 




Tg(°Q 


147 


163 


168 




dielectric constant (1 MHz) 


3.6 


3.55 


3.44 


laminated 
sheet 


dissipation factor (1 MHz) 


0.0029 


0.0028 


0.0025 


flame retardancy 


V-0 


V-0 


V-0 




adhesion strength 
to copper foil (kgrVcm 2 ) 


1.01 


1.03 


0.88 




secondary molding property 


good 


good 


sligtly blurring 


multilayer 
printed 
wiring board 


moisture absorption rate 


0.71 


0.34 


0.22 


soldering heat resistance 
after moisture absorption 


occurrence 
of measling 


no abnormality 


no abnormality 


adhesion strength 

to copper foil 

in inner layer (Kgf7cm 2 ) 


0.8 


0.75 


0.31 
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Table 6 (parts by weight, % by weight) 





example 16 


example 17 


comparative 
example 1 


PPO resin 
varnish 


PPO addition amount 


20 


30 


30 


phenol type 


bisphenol A 


bisphenol A 




phenolic compound 
addition amount 


0.25 


0.3 




initiator 


Perbutyl I 


Perbutyl I 


: 


initiator addition amount 


0.23 


0.27 


- 


molecular weight of PPO 


7800 


7800 


14000 


TAIC addition amount 


46 


46 


46 


compatibilizer 


styrene-butadiene 
copolymer 


styrene-butadiene 
copolymer 


styrene-butadiene 
copolymer 


compatibilizer 
addition amount 


5 


5 


5 


flame retard ant 


decabromo- 
diphenylethane 


decabromo- 
dipnenylethane 


decabromo- 
diphenylethane 


flame retardant 
true snecific ffravitv 


3.2 


3.2 


3.2 


flame retardant 
addition amount 


15 


15 


15 


bromine content (%) 


14 


13 


13 


dispersion state 
of flame retardant 




eood 


eood 


prepreg 


resin fluidity (%) 


26.4 


20.4 


4.4 


laminated 
sheet 




211 


206 


199 


dielectric constant (1 MHz) 


3.69 


3.59 


3.56 


dissipation factor (1 MHz) 


0.0033 


0.0024 


0.0028 


flame retardancy 


V-0 


V-0 


V-0 


adhesion strength 

to copper foil (kgtfcm 2 ) 


1.25 


1.27 


o.87 ; 


multilayer 
printed 
wiring board 


secondary molding property 


good 


good 


blurs observed 


moisture absorption rate 


0.5 


0.23 


0.3 


soldering heat resistance 
after moisture absorption 


occurrence 
of blister 


no abnormality 


occurrence 
of blister 


adhesion strength 

to copper foil 

in inner layer (Kgf7cm 2 ) 


024 


0.77 


0.45 



As shown in Table 1 to Table 6, those of the respective examples were found 
having good fluidity of the resin of prepreg as compared with that of the comparative 
example 1 and also good molding property of the multilayer printed wiring boards. 
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Incidentally, since the molecular weight of PPO in the example 12 was slightly low, the 
glass transition temperature was rather low and the example 13 had problems in points 
of the glass transition temperature, the moisture absorption rate, and heat resistance after 
moisture absorption since it employed a flame retardant to be dissolved in the solvent of 
the varnish: the example 14 has a problem in a point of the glass transition temperature, 
since it employed a flame retardant to be partly dissolved in the solvent of the varnish: 
the example 15 has a problem in a point of the glass transition since the addition amount 
of TAIC is a little: and the example 16 has a problem in a point of the heat resistance 
after moisture absorption since the addition amount of PPO is a little. 

As described above, the poly(phenylene oxide) resin composition of the 
invention is a poly(phenylene oxide) resin composition containing poly(phenylene 
oxide) and triallyl isocyanurate, wherein the number average molecular weight of the 
poly(phenylene oxide) is made to be in a range from 2,000 to 12,000 in the presence of 
a phenolic compound and an initiator, so that the IPN structure of the poly(phenylene 
oxide) and triallyl isocyanurate can be formed to obtain a high heat resistance and the 
fluidity of the melt resin at the time of molding can be desirable owing to the use of the 
poly(phenylene oxide) with a relatively small molecular weight to result in improved 
molding properties. 

Since a compatibilizer is added to the poly(phenylene oxide) resin composition, 
even if the mixing ratio of the poly(phenylene oxide) and triallyl isocyanurate is 
changed, the IPN structure is made easy to be formed to result in improvement of the 
heat resistance. 
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Since a flame retardant is added to the poly(phenylene oxide) resin 
composition, the flame retardancy can be improved. 

In the varnish of the poly(phenylene oxide) resin composition containing a 
solvent, since a nonreactive organic brominated compound on the poly(phenylene 
oxide) or triallyl isocyanurate is used as the flame retardant, deterioration of the fluidity 
of the resin attributed to cross-linking reaction of the organic brominated compound 
with the poly(phenylene oxide) or triallyl isocyanurate can be avoided. 

Since the above-described organic brominated compound is not dissolved but 
dispersed in a solvent, the organic brominated compound can exist as a filler in the 
composition and therefore, the organic brominated compound does not inhibit the 
formation of the IPN structure in the cured product of the poly(phenylene oxide) and 
triallyl isocyanurate to result in high heat resistance. 

Since an organic brominated compound having a true specific gravity of 2.0 to 
3.5 is to be employed for the flame retardant, the organic brominated compound is hard 
to be precipitated in the varnish and thus even varnish can be obtained without requiring 
constant stirring. 

30 to 60 parts by weight of the poly(phenylene oxide) is added to 100 parts by 
weight of the resin composition, so that the heat resistance can be improved. 

35 to 62 parts by weight of triallyl isocyanurate is added to 100 parts by weight 
of the resin composition, so that the heat resistance can be improved. 

The organic brominated compound is added as to keep the bromine content in a 
range from 8 to 20 % by weight in the entire poly(phenylene oxide) resin composition, 
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so that the heat resistance can be improved and at the same time the flame retarding 
property can be high. 

Addition of an inorganic filler with an average particle diameter of 30 \xm or 
smaller to the PPO resin composition of the invention decreases the water absorption 
rate, increases the strength at the time of high temperature heating in the case of 
soldering treatment or the like, and suppresses the ratio of the dimensional alteration 
following the heating. 

In the case of using silica as the above-described inorganic filler, in addition to 
the above described effects, the addition contributes to the flame retarding property of 
the PPO resin composition of the invention. 

By setting the addition amount of the inorganic filler to be not less than 3 parts 
by weight and less than 50 parts by weight to 100 parts by weight of resin solid matter, 
the water absorption rate can be decreased, the strength can be increased at the time of 
high temperature heating in the case of soldering treatment or the like, and the ratio of 
the dimensional alteration following the heating can be suppressed. 

Prepreg with excellent molding properties can be obtained by impregnating a 
substrate with the poly(phenylene oxide) resin composition of the invention and by 
semi-curing the resin composition by heating and drying. 

Laminated sheet with excellent molding properties can be produced by layering 
a prescribed number of sheets of the above-described prepreg and molding the layered 
body by heating and pressurizing. 

A printed wiring board with excellent molding properties can be produced by 
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forming conductive patters on the surface of the above-described laminated sheet and 
using the resulting the laminated sheet for production of the printed wiring board. 

A printed wiring board for an inner layer, which is produced by layering and 
molding a prescribed number of sheets of the above-described prepreg by heating and 
pressurizing the resulting laminated sheet and forming conductive patterns in the 
surface, and the foregoing prepreg are laminated on each other in layers to obtain a 
multilayer printed wiring board which is possible to be molded with excellent molding 
properties and in which the spaces between neighboring conductive patterns are 
sufficiently filled with resin without leaving voids or blurs. 



30 



WO 02/072700 



PCT/JP02/02272 



Claims 

1. A poly(phenylene oxide) resin composition containing poly(phenylene 
oxide) and triallyl isocyanurate, characterized in that the poly(phenylene oxide) has a 
number average molecular weight in a range from 2,000 to 12,000. 

2. The poly(phenylene oxide) resin composition as described in claim 1, 
wherein the poly(phenylene oxide) is reacted with a phenolic compound to make the 
number average molecular weight of the poly(phenylene oxide) be in a range from 
2,000 to 12,000. 

3. The poly(phenylene oxide) resin composition as described in claim 2, 
wherein said phenolic compound is a polyfiinctional phenolic compound having two or 
more of phenolic hydroxyl groups in a molecule. 

4. The poly(phenylene oxide) resin composition as described in claim 2, 
wherein an oxidizing agent is used as an initiator at the time of reaction of the 
poly(phenylene oxide) with the phenolic compound. 

5. The poly(phenylene oxide) resin composition as described in claim 4, 
wherein said oxidizing agent is one or more compounds selected from benzoyl peroxide, 
3,3',5,5'-tetramethyH,4-diphenoquinone,chloranil, 2,4,6-tri-tert-butylphenoxyl, 
tert-butylperoxyisopropyl monocarbonate, and azobisisobutyronitrile. 

6. The poly(phenylene oxide) resin composition as described in claim 1, 
wherein the poly(phenylene oxide) contains a flame retardant. 

7. The poly(phenylene oxide) resin composition as described in claim 1, 
wherein the poly(phenylene oxide) contains a compatibilizer. 



31 



WO 02/072700 



PCT/JP02/02272 



8. The poly(phenylene oxide) resin composition as described in claim 1, 
wherein the poly(phenylene oxide) contains a flame retardant and a compatibilizer. 

9. The poly(phenylene oxide) resin composition as described in claim 6, 
wherein the flame retardant is a nonreactive organic brominated compound on the 
poly(phenyiene oxide) and triallyl isocyanurate. 

10. The poly(phenylene oxide) resin composition as described in claim 9, 
wherein the flame retardant is not dissolved but dispersed in a solvent in varnish of the 
poly(phenyiene oxide) resin composition added with the solvent. 

11. The poly(phenylene oxide) resin composition as described in claim 10, 
wherein the organic brominated compound has a true specific gravity of 2.0 to 3.5. 

12. The poly(phenylene oxide) resin composition as described in claim 1, 
wherein 30 to 60 parts by weight of the poly(phenyiene oxide) is mixed with 100 parts 
by weight of the resin composition. 

13. The poly(phenylene oxide) resin composition as described in claim 1, 
wherein 35 to 62 parts by weight of triallyl isocyanurate is mixed with 100 parts by 
weight of the resin composition. 

14. The poly(phenylene oxide) resin composition as described in claim 1, 
wherein 30 to 60 parts by weight of the poly(phenylene oxide) and 35 to 62 parts by 
weight of triallyl isocyanurate are mixed with 100 parts by weight of the resin 
composition. 

15. The poly(phenylene oxide) resin composition as described in claim 9, 
wherein the organic brominated compound is contained so as to keep the content of 
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bromine in a range from 8 to 20 % by weight in the entire amount of the poly(phenylene 
oxide) resin composition. 

16. The poly(phenylene oxide) resin composition as described in claim 9, 
wherein the entire resin composition contains 30 to 60 parts by weight of the 
poly(phenylene oxide), 35 to 62 parts by weight of triallyl isocyanurate and the organic 
brominated compound added as to keep the content of bromine in a range from 8 to 

20 % by weight. 

17. The poly(phenylene oxide) resin composition as described in claim 1, 
wherein the poly(phenylene oxide) resin composition contains an inorganic filler with 
an average particle diameter of 30 \xm or smaller. 

18. The poly(phenylene oxide) resin composition as described in claim 17, 
wherein said inorganic filler is silica. 

19. The poly(phenylene oxide) resin composition as described in claim 18, 
wherein the addition amount of the inorganic filler is not less than 3 parts by weight and 
less than 50 parts by weight to 100 parts by weight of the resin composition. 

20. Prepreg produced by impregnating a substrate with the poly(phenylene 
oxide) resin composition as described in claim 1 and semi-curing the resin composition 
by heating and drying. 

21. A laminated sheet produced by layering and molding a prescribed 
number of sheets of the prepreg as described in claim 20 by hot pressing the laminated 
sheets. 

• 22. A printed wiring board produced by forming conductive patterns on the 
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surface of the laminated sheet as described in claim 21. 

23. A multilayer printed wiring board produced by layering and molding a 
prescribed number of sheets of the prepreg as described in claim 20 by hot pressing the 
laminated sheets, to obtain a printed wiring board for an inner layer, and layering the 
prepreg on the printed wiring board for an inner layer which forms conductive patterns 
on the surface. 
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